Abstract -In this paper we present preliminary results of a metal-mesh graded index Fresnel lens. The designed lens has a diameter of 300 mm, a focal length of 1050mm and operates from 70 to 300 GHz. It was not possible to directly scale the design of the previous lenses, so a Fresnel graded index was used. A new testing facility was developed and verified, which allowed us to show that the new lens matches the same performance of a traditional polyethylene lens. Lenses of this diameter are of interest in the astronomy instrumentation community.
INTRODUCTION
There have been previous demonstrations that a metamaterial lens can be manufactured to match the performance of a normal polyethylene (PE) lens [1, 2] . These demonstrated lenses were approximately 70mm in diameter, while there are some applications where lenses of that size are required, there is a greater demand for larger diameter devices in the astronomy community. One such application is in the next generation of CMB telescopes which require large fore optics capable of operating over 70-300GHz [3] . Previous designs have either used all reflective optics or used refractive optics consisting of polyethylene or silicone lenses.
Due to the size and bulk of the lenses required, manufacturing and applying suitable antireflection coatings is difficult, which makes them a less favorable option. A metamaterial flat lens offers an advantage over these lenses due to the fact that they are more compact and can be made and coated in one process. In this paper we present the design and preliminary results of a 300 mm diameter Fresnel metamaterial lens.
II. LENS DESIGN
To design a large aperture metamaterial lens using the same approach as the previous lens [1] , which was based on the Woods lens formalism [5] , is not straight forward. Scaling the original 70mm F3.5 lens up to 300 mm in diameter requires increasing either the central refractive index, the overall thickness (greater number of mesh layers) or a combination of both. Given that it is not possible to get a refractive index below the index of the substrate (1.5) with broadband capacitive meshes, the centre refractive index has to increase to over 5. This is possible using a metal mesh structure that would cover the frequency range of interest, but, the increase in thickness required means that over 60 mesh grids are required which is not practical to build.
An alternative approach to address this issue is to design a lens based on a Fresnel graded index profile. This is designed in a similar way to a traditional Fresnel lens, replacing concentric rings of increasing curvature, with increased variation of the index gradient. This allows for the overall index range to be compressed, so that required index values can be scaled to a more favorable region. Figure 1 shows the refractive index profile of a 300mm Fresnel lens with a focal length of 1050mm, optimized for 150GHz. The variation in index is achieved by applying a radial profile to the size of square copper patches [6] , then 20 of these identical mesh layers are combined, separated by 100µm polypropylene, yielding a total thickness of 2mm. The centre index of 2.7 was chosen so that the previous metamaterial parameter space from the last lens can be used, thus limiting the number of free parameters. The lens is fabricated using a hot press technique [7] to produce a solid robust device which is shown in Figure 2 . 
III. TEST SETUP
The lens presented here is considerably larger than any previous lenses tested. Therefore, a new experimental test setup had to be created. The initial test configuration was setup to scan through the focus in three dimensions to gauge the properties of the lens. The lens was placed in a collimated beam that fully illuminates the lens surface. The setup design for this is shown in Figures Figure 3&Figure 4 . A segment of a 2 m spherical mirror with focal length 2 m was used. The transmitting VNA frequency extender was placed at the mirror focus such that the reflected beam off the mirror is collimated. Alignment checks were performed that show when a laser scanned across the collimated beam the laser spot always focused at the same point on the transmitter. The receiver was mounted on XYZ stage which gives submillimeter positioning capability. The entire system including the data acquisition is controlled by LabVIEW. 
A. RF Validation
To verify the performance of the test setup, a series of measurements were performed which are shown in Figure 5 . Firstly, the clear aperture of the lens holder is scanned (blue curve) to ensure that there is uniform illumination. Secondly, the same scan is performed with the aperture blocked (red curve) to ensure that there is no significant stray light entering the receiver. Finally, a known polyethylene lens was characterized (yellow curve). It can be seen that there is good uniform illumination across the surface of the lens and minimal stray light. 
V. CONCLUSION
We have presented initial results showing that the focusing properties of a large metamaterial lens matches that of an ideal lens. In a full paper we will present further results detailing the precise chromatic behavior, cross polarisation levels and insertion loss of the lens.
